The structural and energetic properties of the H 2 S 2 molecule have been studied using density functional theory, second-order Møller-Plesset method, and coupled cluster theory with several basis sets. In order to extend previous work on intra-and intermolecular dynamics of the chirality changing modes for H 2 O 2 and its derivatives, our focus has been on the torsion around the S-S bond, along with an extensive characterization of the intermolecular potentials of H 2 S 2 with the rare gases ͑He, Ne, Ar, and Kr͒. Use is made of previously defined coordinates and expansion formulas for the potentials which allow for a faithful representation of geometrical and symmetry properties of these systems that involve the interaction of an atom with a floppy molecule. The potential energy surfaces obtained in this work are useful for classical and quantum mechanical simulations of molecular collisions responsible for chirality changing processes of possible interest in the modeling of prebiotic phenomena.
I. INTRODUCTION
The origin of biological homochirality is one of the most fascinating and elusive questions in modern science. A great deal of work has been devoted to attempts at explaining the prevalence of specific enantiomeric form over the other one, so far with no generally accepted answer. In recent years experimental approaches ͑see Refs. 1-3͒ have suggested that factors acting at the macroscopic level, such as in vortices, for example, can induce selectivity in molecular chirality. Based on this information, as well as on ample experimental and theoretical evidence about molecular alignment induced by collision, 4-13 a systematic study has been started on the possible experimental realization of such type of phenomenon. [14] [15] [16] [17] [18] For reasons of simplicity regarding modeling through affordable and yet reliable electronic structure calculations of the interactions and realistic dynamical treatments, our initial focus was on hydrogen peroxide. A series of quantum studies involving H 2 O 2 ͑Refs. 15, 16, and 18͒ and its alkyl 16 and halogen derivatives 17 were carried out with the purpose of providing a quantitative picture, which would allow us to describe the intermolecular interactions of these species, particularly with the rare gases, as can be seen in Ref 18 . The obtained information serves as a starting point for planning molecular beam experiments. Again within the framework of studies of prototypical molecules as candidates for possible chiral effects induced by collisions in molecular beams, new investigations have been started on a molecule very similar to H 2 O 2 , namely H 2 S 2 . The choice was dictated from our previous experimental and theoretical work on the interaction of both H 2 O and H 2 S with rare gases. 12, 19, 20 See Refs.
21-24 for previous theoretical studies regarding chirality around the S-S bond for processes involving electron impact or polarized light absorption. Interest in the structure and dynamics of these compounds is also an aspect of the fact that the spatial orientation of molecules is crucial for biochemical activity; the best known example being perhaps that of the proteins. Specifically, and similarly to the case of the peroxydic bond ͑-OO-͒, the disulfide bonds ͑-SS-͒ give to molecules where they occur characteristic geometrical configurations, which influence the biochemical-or in general chemical-activity. A reason why nature exploits the ͑-SS-͒ bond in order to induce structural rigidity is its high bond energy, the third strongest among the simple homonuclear bonds. In the applications, vulcanization is typical, whereby latex acquires physical properties, which turn out to be adequate for specific mechanical requirements, such as those involved in tires.
However, the SS bond can be viewed as weak when compared with other types of bonds which break or form in chemical reactions. The breaking of the SS bond in RS-SRЈ types of compounds can take place through the reduction of one electron, thermal dissociation ͑such as in combustion processes͒, or through selective excitation of the bond ͑e.g., photochemical͒. In the two latter processes, one has the formation of RS radicals. These processes are of great interest in atmospheric science and as such have been amply investigated both experimentally and theoretically, contributing to the elucidation of thermodynamic properties of various disulfides and of the formed radicals. 25 In Refs. 26 and 27, Quack and co-workers reported quantitative calculations of stereomutation tunneling in H 2 S 2 a͒ Author to whom correspondence should be addressed. Electronic mail: ciete@dyn.unipg.it. and disulfide isotopomers and predicted a very small influence of weak force parity violation on the energy differences of enantiomers.
This paper reports, in the next section, details of the computational methods employed for the study of the structural properties of the H 2 S 2 molecules, leading to the choice of the theory levels and basis sets to be used subsequently for the characterization of the intermolecular interactions with noble gases. Particularly relevant is the comparison of the torsional energy profile with that of H 2 O 2 , both regarding geometrical features and barrier heights. This and other results are reported and discussed in Sec. III, while Sec. IV is devoted to conclusions.
II. COMPUTATIONAL METHODS

A. The H 2 S 2 molecule
In this study, all ab initio calculations were performed using the GAUSSIAN03 program. 28 The equilibrium geometry structure of H 2 S 2 have been investigated by density functional theory ͑DFT͒, the second order Møller-Plesset perturbation theory using all electrons ͓MP2͑FU͔͒ and coupled cluster ͓CCSD͑T͔͒ method with several basis sets. For density functional calculations, hybrid density functionals were used since they manifestly yielded better results. The exchange and correlation functionals taken together are commonly represented as B3LYP and B3PW91, where ͑B3͒ are the Becke's three-parameter exchange function and ͑LYP͒ and ͑PW91͒ are different sets of correlation functionals ͑the functional due to Lee, Yang, and Parr and the functional due to Perdew and Wang, respectively͒. Results are shown in Table I .
As a heavier-atom analog to hydrogen peroxide ͑H 2 O 2 ͒, the H 2 S 2 molecule is especially interesting both for its similarities to ͑and differences from͒ that one. In this work, the torsional potential functions of H 2 S 2 ͑Fig. 1͒ at the B3LYP/ 6-311+ + G ͑3df ,3pd͒, MP2͑FU͒/aug-cc-pVTZ and CCSD͑T͒/aug-cc-pVXZ ͑X = D and T͒ have been examined and compared ͑in the following, for simplicity, we present explicit and discuss mainly data from Dunning basis sets͒. The potentials for both molecules are shown in Fig. 2 , using the MP2͑FU͒/aug-cc-pVTZ method. Figure 3 shows the effect of torsion on dipole moments for both H 2 O 2 and H 2 S 2 , while Fig. 4 reports the dependence of dipole moments with the basis sets used. The cis and trans barriers at several ab initio and DFT levels have been determined and presented in Table II .
B. The H 2 S 2 -rare gas systems
For the study of H 2 S 2 -rare gas systems the second-order Møller-Plesset level, using all electrons ͓MP2͑FU͔͒, and the aug-cc-pVTZ basis set were chosen for He, Ne, Ar, and Kr. To minimize the basis set superposition error, the full counterpoise Boys and Bernardi correction 32 was applied. We calculated a set of 81 single potential energy points on the surface, for each of the eleven leading configurations, to be defined below for H 2 S 2 -Rg ͑Rg= He, Ne, Ar, and Kr͒. All the H 2 S 2 geometry parameters are kept frozen at their equilibrium values as presented in Tables I and III. The eleven different leading configurations used to explore the various features of the potential energy surfaces, four for the equilibrium geometry, four for the cis geometry, and three for the trans geometry, were the same used in H 2 O 2 and have been described in a previous work. 15 For each system, an additional configuration to be introduced later served for assessing the accuracy of the proposed expansion. All energies were calculated as a function of the distance r between the rare gas and the center of mass of H 2 S 2 . The analytical forms of the potential energy surfaces, for each of the leading configurations, are constructed by fitting a fifth degree generalized Rydberg function into the ab initio points. A nonlinear least-squares procedure was used to obtain the values of the adjustable parameters that minimize the differences between the analytical energies obtained with the generalized Rydberg function and the MP2͑FU͒/aug-ccpVTZ data. For additional information, see Ref. 18 .
C. Hyperspherical harmonics expansion
Real hyperspherical harmonics and their use to represent the potential energy surface of atom-floppy molecule interactions were widely discussed for the specific case of the H 2 O 2 -rare gas system. 18 We use here the same method to represent the interaction of the H 2 S 2 -rare gas analogous system.
The reference frame is set in the center of mass of the H 2 S 2 molecule. The position vector r of the rare gas atom is defined by the spherical coordinates ͑r , ␣ , ␤͒, where r is the vector modulus ͑the distance from the center of mass͒ and ␣ ͑0 Յ ␣ Ͻ 2͒ and ␤ ͑0 Յ ␤ Յ ͒ are the azimuthal and polar angle, respectively ͑Fig. 2͒. An additional ␥ variable represents the dihedral angle of the molecule ͑0 Յ ␥ Ͻ 2͒, where ␥ = 0 corresponds to cis geometry and ␥ = to trans geometry. Its variation is actually best described as a rotation of the two SH radicals around the Jacobi vector joining their centers of mass, 15 the floppy degree of freedom of the molecule. The z-axis is taken along the Jacobi vector and the xz-plane that bisects symmetrically the H 2 S 2 molecule coincides with the plane of the molecule when ␥ =0°͑cis geometry͒ and ␥ = 180°͑trans geometry͒. The ␣ variable is the angle between the positive x-axis and the projection of r onto the xy-plane, while ␤ is the angle between the positive z-axis and the line connecting the position of the atom to the origin. With respect to the H 2 O 2 case, 15 masses are such that difference between valence and orthogonal coordinates is much smaller.
Consider Fig. 5 . The potential describing the system depends on the four coordinates ͑r, ␣, ␤, and ␥͒, and has the following symmetry properties:
and can be represented as a sum of two terms: An external contribution V ext ͑r ; ␣ , ␤͒ depending on the position of the rare gas atom with respect the center of mass of the molecule, and an intermolecular contribution V int ͑r ; ␥͒ depending on distance r and the dihedral angle ␥,
In Ref. 18 , we also discussed the use of combinations of complex-valued Wigner D-functions 33, 34 to obtain a complete orthonormal set of real-valued hyperspherical harmonics R MM Ј ͑␣ , ␤ , ␥͒. 35 It was shown that the potential energy can be expanded in terms of such functions as follows: 
where =0,1,2, ... , M͑MЈ͒ =− ,− +1, ... ,0,1, ... , and
͑r͒ are the expansion moments depending on the r coordinate. For a given geometry, at which the value of the potential is known over a range of the distance r ͑potential profile͒, the above formula reduces to a system of linear equations, to be solved for the unknown expansion moments v MM Ј ͑r͒. The number of the so defined leading configurations is chosen to be 12 in this case, as in Ref. 18 . For them we calculate the potential energy as a function of r enables us to determine twelve expansion moments, solving a system of 12 linear equations.
To serve as leading configurations, we have chosen, as in the case of the H 2 O 2 -rare gas system, 18 the molecular geometries corresponding to the cis, trans, and equilibrium geometries that for H 2 S 2 corresponds to ␥ = 91.05°. For each of these three molecular geometries, four different approach orientations of the rare-gas atom toward the H 2 S 2 molecule have been considered, corresponding to ␤ = 90°and to ␣ = 0°, 90°, and 180°respectively, and to ␤ = 0°and to ␣ undetermined.
As it has been made for H 2 O 2 -rare gas systems, 18 
III. RESULTS AND DISCUSSION
A. The H 2 S 2 molecule
We are interested, in general, in the conformational properties of molecules containing sulfur-sulfur bonds and began this work with theoretical study of isolated H 2 S 2 . The equilibrium geometric structure of hydrogen persulfide has been determined at B3LYP, B3PW91, MP2͑Full͒ and CCSD͑T͒ levels using different basis sets. In Table I , we present results for simplicity only for Dunning basis sets.
The H 2 S 2 ͑or any other RSSRЈ compounds͒ is characterized by a gauche conformation around the S-S bond, which means that the dihedral HSSH angle is approximately 90°͑ Table I͒. The formed bond properties are mainly accounted by the p-character of the nonbonding electrons, which occupy mutually perpendicular p orbitals over each sulfur atom. The extension of these orbitals leads to superposition in the molecular orbitals. A lone pair-lone pair repulsion, inherently caused by the formation of and ‫ء‬ molecular orbitals, results in the destabilization and consequently in stretching of the S-S bond, which is maximal on cis and trans geometries ͑when ␥ = 0°and 180°, respectively͒, and so the destabilization is minimal when ␥ = 90°and 270°because of the orthogonality of the two 3p orbitals ͑Fig. 1͒.
For all theoretical levels and basis sets, the HSS bond angle is ϳ98°͑Table I͒. These values are in good agreement with the experimental ones reported in Refs. [36] [37] [38] , and in contrast with that of Winnewisser et al. that underestimated the HSS angles at around 91°. 39 Generally these data are assessed on the basis that the microwave derived geometries rely on the uncertainty of the value of the HSS angle, which serves as reference. In fact, the localization of hydrogen atoms in the presence of heavy atoms is often problematic by diffraction techniques. Since the bond lengths derived from rotational constants are interrelated with the bond angles, an erroneous determination of the latter will affect other param- FIG. 5 . ͑Color online͒ Definition of the spherical coordinates of the vector r ជ = r, ␤, ␣ specifying the position of the rare gas atom for equilibrium geometry. r is the distance between the center of mass of the molecule and the rare gas atom, ␤ is the angle between r ជ and the z axis and ␣ is the angle between x axis and the projection of r ជ onto the xy plane.
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eters. The torsional angles are weakly correlated with other geometrical parameters and appear internally consistent. Regarding this discussion see Refs. 40 and 41. Theory levels and basis sets utilized in Table I accomplish a good representation of the equilibrium geometry of the system. Preliminary studies have shown us that the inclusion of polarization functions is crucial for the accurate determination of geometrical parameters. For example, the use of Pople basis sets of the type 6-311+ + G overestimates the SS bond length by 0.2 Å, and the dihedral angle by ϳ3°, with accompanying variation of dipole moment. Larger basis sets such as 6-311+ + G ͑2df ,2pd͒ yield comparable results both with the experimental values and with those by Dunning-type basis sets.
Regarding specific features of molecular orbitals for H 2 S 2 in the equilibrium geometry, a maximal stabilization arises because of the overlap which occurs between each pair of free electrons with the adjacent molecular orbital of ‫ء‬ type of HS. Two electronically degenerate conformations are possible and they are antipodal with respect to the S-S bond ͑Fig. 1͒. The rotational barriers around the SS bonds depend on the dihedral angle according to similar consideration regarding the molecular orbitals. Although there are variations in the measured and calculated barriers with different methodologies ͑see Table II and Ref. 40͒, the cis barriers are consistently larger than the trans ones.
The geometrical parameters of the transitional cis and trans structures, which are shown in Table III , indicate a distortion of the equilibrium geometry. For MP2͑FU͒/aug-ccpVTZ results, the calculated values of the S-S bond lengths appear larger by 0.043-0.052 Å when compared with the equilibrium length ͑2.059 Å͒, and angles HSS appear smaller by 1.6°and 5.3°, for trans and cis geometries.
For all methods, the HS bond length appears not to vary appreciably with the geometry, ranging from 1.33 to 1.37 Å, around an average of 1.35 Å. Regarding the SS bond length, there is a stretching, moving from the equilibrium to the cis and trans geometries by 0.05 Å on the average. The HSS angles are reduced by 2°and 6°, for trans and cis geometries, in comparison with the equilibrium structure. The effect of the basis sets is to reduce bond lengths and dipole moment when we used triple and quadruple-zetas. The inclusion of diffuse function has little effect on the geometrical parameters but is important to determine the dipole moments ͑Fig. 4 and Sec. III D͒.
B. Cis and trans barriers
The cis and trans barrier heights are shown in Table II . Regarding the employed basis sets, the use of the smallest of the series of correlation consistent basis sets developed by Dunning, the cc-PVDZ, produced unsatisfactory results for the trans barriers independently of the utilized level of theory. A maximum deviation ϳ230 cm −1 with this basis set was observed with the coupled cluster method. The expansion of the series up to triple and quadruple-zetas leads to an increase of both the cis and trans barrier heights, but is not sufficient to improve the quality of results ͑see Table II͒. The comparison among several theory levels shows that B3LYP and CCSD͑T͒ methods underestimate barrier heights and mutually agree, independently of the Dunning basis sets used. The B3PW91 method produced, with all basis sets, cis barrier height in agreement with experiment, while only the aug-cc-pVTZ basis set leads to acceptable results for trans barriers. The better set of results was observed for MP2, including all electrons. For all aug-cc-pVXZ basis sets, good agreement was found for both cis and trans barriers, while only the cc-pVTZ basis set reproduces satisfactorily the trans barriers. In this case, particularly appropriate was the use of a triple zeta function. So, the aug-cc-pVTZ basis set was chosen for the study of interactions with rare gases ͑Sec. III E͒. It has to be noted that the barriers obtained and listed in Fig. 1 by the B3LYP/ 6-311+ + G ͑3df ,3pd͒ methodology ͑cis and trans barriers 2764 and 2009 cm −1 , respectively͒ in this case are better than when we used Dunning basis sets ͑on the effects of Pople and Dunning basis sets, see Ref. 41 .
Note that what appears as the "best" results do not always come from what are objectively our best calculations, presumably because of some fortunate cancellation of errors. Figure 4 shows a comparison of the potential energy profile of H 2 O 2 and H 2 S 2 as a function of the dihedral angle ␥. The most important observation regards the much higher value for the trans barrier in the H 2 S 2 case, while the height of the cis barriers is comparable in both cases. The systematic study of the dependence of trans barriers upon substitution of alkyl groups for hydrogens of H 2 O 2 ͑Ref. 16͒ has shown that there is a correlation with equilibrium dihedral angle, so that the barrier decreases as this angle increases. The increase in the barriers in the trans geometry has to be ascribed to the higher lone pair-lone pair repulsion in the 3p diffuse orbitals of sulfur with respect to the oxygen case. 40 For H 2 S 2 , we also note a smaller dipole-dipole and atomatom interactions, and decrease in SH bond polarity with respect to OH.
C. Comparison of H 2 O 2 and H 2 S 2 molecules
The difference between trans barriers for HOOH and HSSH had also been interpreted in terms of hyperconjugation. 29, 42, 43 The 90°dihedral angle of H 2 S 2 reflects the pure character of p orbitals of sulfur, as well as the low electronegativity difference between H and S, which allows for partial S-S double bonding at the expense of some H-S bonding. This has to be contrasted with H 2 O 2 . Another possibility is the participation of 3d orbitals 42 D. Dipole moment Figure 3 shows the variation of dipole moments as a function of the dihedral angle for both H 2 O 2 and H 2 S 2 and Fig. 4 as a function of the basis sets and the theory levels for the latter. From Fig. 3 , it is possible to see that the smaller is the dihedral angle the larger is the dipole moment for both systems. However, in H 2 O 2 for the cis geometry, the dipole moment is almost double than that of H 2 S 2 . As explained earlier, the electronegativity difference between oxygen and sulfur justifies this behavior.
The dipole moment is a property that has a delicate dependence on the basis set in general decreasing with the increase of the basis ͑see Fig. 4 and Table I͒. The behavior is similar for different theory levels, leading for both MP2͑FU͒ and CCSD͑T͒ to an overestimate with respect to experimental information, while DFT produces better agreement. Possibly an analysis in terms of torsional wave function displacements, similar to the one discussed in the H 2 O 2 case, 16 may lead to a more accurate description.
E. H 2 S 2 -rare gas systems
For each of the H 2 S 2 -Rg systems ͑Rg= He, Ne, Ar, and Kr͒, we have considered the eleven leading configurations ͑see Sec. II B and Ref. 18͒ for which the atom-molecule interaction energy has been calculated at various r ͑the distance between the rare-gas atom and the center of mass of the H 2 S 2 molecule͒ by the ab initio methods of Sec. II B. Figures 6 and 7 show both the ab initio energy points and the corresponding Rydberg curve fittings for the complete rare gas series and for each of the leading configurations. The leading configurations can be distinguished into three groups, according to the geometry of the H 2 S 2 molecule ͑cis, trans, and equilibrium͒ and as expected, the corresponding energy curves fall in different energy ranges: Equilibrium ͑lower͒, trans ͑intermediate͒, and cis ͑higher energies͒, according to the order common to all systems.
Another common trend that can be seen is that distances of minimum energy move to higher values and the well depths increase in going from lighter to heavier atoms. ͓A similar trend to be quantitatively interpreted later was also observed in previous studies of H 2 O ͑Ref. 12 and 19͒ and H 2 S-Rg systems 20 .͔ It is worth noting that the "perpendicular" approach ͑␤ = 90°, ␣ = 90°͒, whatever the geometry of the molecule ͑E ʈ , C ʈ , and T ʈ ͒, leads to systematically more stable systems than for the corresponding "collinear" approaches ͑␤ =0°͒, E ʈ , C ʈ , and T ʈ , which are also much more repulsive. Among the cis geometries, the one at ␤ = 90°and ␣ = 180°, ͑C Ͼ ͒ with the atom lying on the molecule plane and approaching the molecule from the hydrogen atom side, results to be the most stable, for all the rare gas series. The difference in energy between these curves and the C Ͻ curves, with the atom at the opposite side of the hydrogens, increases from He to Kr. The C Ͻ curve exhibits the softest potential profiles. Concerning the trans geometries, the two directions ␣ = 0°and ␣ = 180°are equivalent by symmetry, and the T Ͻ and T Ͼ curves coincide, being the ones with the lowest energy minimum.
The equilibrium geometries are those with the lowest energy profiles. Among them, the E Ќ configuration is the most stable ͑the lowest energy minimum͒ and at small distances is more repulsive than both E Ͼ and E Ͻ curves. The energy profiles corresponding to ␤ = 0°configurations, with the atom coming along the S-S bond direction, are shifted at longer distances systematically for all the rare gas series. This can be explained by the fact that for the same value of the distance from the center of mass of the molecule, the atom can get closer to a sulfur atom when coming along the S-S bond directions, than if coming from directions perpendicular to the bond. Figure 8 shows a comparison of the ab initio energy profiles for all the rare gas series, corresponding to the molecule at the equilibrium ͑␥ = 91.05°͒ and ␣ = 45.53°and ␤ = 90°, with the analogous curves as obtained from the hyperspherical expansion. This configuration was not included in the calculation of the expansion moments and the comparison is a useful test for the validity of the hyperspherical expansion. Although the difference can be appreciable in the well depths, especially for the heavier atoms, there is a substantially good agreement ͑very good for He and Ne͒, concerning the minimum energy distances and the shape of the curves. This is a remarkable fact considering that this configuration is considerably different from those included in the calculation of the hyperspherical expansion. Figure 9 shows the expansion moments for the H 2 S 2 -Ar interaction, as a function of the distance from the molecule center of mass. The isotropic part of the potential, referred to the cis, trans, and equilibrium geometry of H 2 S 2 , is plotted along with its value averaged over the same three molecular geometries, using the w coefficients ͑see Ref. 18͒. Additionally, the contribution of the anisotropy is illustrated by the moments 01 1 and 02 1 . These are nearly constant in most of the considered distance range and do not show a minimum. As expected, the isotropic terms of the potential have minima and for r → ϱ asymptotically tend to the energy of the isolated H 2 S 2 molecule in the cis, trans, and equilibrium geometries. The quantity in Fig. 9 , which allows comparison with other systems, is 00 0 ͑r͒, representing the isotropic component of the interaction, corresponding to full averaging over both internal torsional angle ␥ and the external angles ␣ and ␤. Waals forces and the corresponding atomic and molecular polarizabilities 44 well depths and the corresponding distances increase with the rare gas atomic number, but the correlation ͑Table IV͒ is less quantitative than for the previously investigated systems, 45 especially regarding the distances which appear as nearly independent of the nature of the rare gas.
Regarding anisotropies, as can be seen from Figs. 6 and 7, they follow the same trends for all systems, and Fig. 9 confirms that they are generally small and slowly varying. This can be visualized in Fig. 10 where for the H 2 S 2 -Ar system the dependence on the torsional angle ␣ is shown ͑properly freezing the angles ␣ and ␤͒ and in Fig. 11 ͑where the dependence on the ␥ angle is shown, at fixed ␤ = 90°and ␣ =0°͒. A comparison with Fig. ͑8͒ and ͑9͒ of Ref. 18 , for the corresponding H 2 O 2 -Ar system illustrates that although small, anisotropies are larger for H 2 S 2 . These graphs have been obtained by using the full potential energy surface generated by the hyperspherical harmonics expansion, which produces a smooth interpolation among the curves corresponding to the 11 leading configurations that we have calculated in this paper. Rydberg fits to those interactions and additional information is presented as Supporting Material.
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IV. REMARKS AND CONCLUSIONS
The investigation reported in this paper has used modern tools of quantum chemistry to obtain information that can be of interest for the characterization of the intramolecular and intermolecular dynamics of processes involving H 2 S 2 . The focus has been on the torsional mode around the S-S bond.
Comparisons have been made with the previously investigated torsional mode around O-O bond in H 2 O 2 . A following paper 47 will consider the effect of substituent groups for the H-atoms ͑specifically F, Cl, CH 3 , and C 2 H 5 ͒, as well as the generally higher barriers for intramolecular stereomutation transitions on the torsional levels, the associated partition functions and the rates of chirality change processes.
This paper has also considered the intermolecular interactions between H 2 S 2 and the series of rare gases from He to Kr, extending previous work on H 2 20 and H 2 O 2 ͑Ref. 18͒ of perspective assistance to molecular interpretation of beam scattering experiments. The derived potential energy surfaces, presented as hyperspherical harmonics expansions, can be of help for planning and analyzing collisional mechanism in chirality issues 2, 14 by classical or quantum molecular dynamics.
The forthcoming paper 47 will extend this investigation to RS-RSЈ systems ͑R, RЈ = H, F, Cl, CH 3 , and C 2 H 5 ͒ and will report a study of intramolecular dynamics ͑torsional potentials, energy levels, partition functions, and chirality changing rates͒, along the line of analogous work 48 on H 2 O 2 and its derivatives. 
